The calculated ux distribution in the 300 to 400 nm region only ts the observed distribution closely for both the Sun and Arcturus when the complete atlas9 line list is used. However, a good t to the detailed shape of the observed high resolution spectrum in the Sun may only be obtained by using a sub-set of this line list that only includes lines with the highest quality atomic data. Moreover, for Arcturus, even the sub-set of high quality lines can only provide a close t to the observed high resolution spectrum if we include, ad hoc, an extra amount of continuous absorption opacity. We suggest that the complete atlas9 line list contains many lines that either do not exist, or have oscillator strengths that are too strong, and that the inclusion of a hitherto undiscovered source of continuous absorption opacity is necessary to t the violet ux in late-type stars.
Introduction
One of the important ways in which stellar atmospheres are becoming more realistic is the inclusion of increasingly complete line opacity. For example, the atlas9 model atmosphere code now includes the opacity of about 58 million lines due to atoms and diatomic molecules (Kurucz 1990) . Unlike previous models, those computed with the atlas9 line lists can match the solar ux in the blue and ultraviolet regions because the bulk of the atomic and molecular line opacity falls in these spectral bands (Kurucz 1991a ). This achievement holds out the promise that the blue-violet spectral region of late-type stars in general may now be modeled accurately.
Arcturus ( Boo, HD124897), a K2 III star, has often served as the prototype for the red giant stars because it is bright and nearby. Its basic parameters are well constrained by many photometric, spectroscopic and interferometric studies, and the most recent detailed analysis of its spectrum was done by Peterson, Dalle Ore & Kurucz (1993) (henceforth PDK) . Using the atlas9 model atmosphere code and line lists (Kurucz 1990 ) and the synthe spectrum synthesis code (Kurucz & Avrett 1982) , PDK t simultaneously the pro les of many lines spanning a range of strengths, excitation potentials, and ionization stages between 500 and 900 nm in the spectral atlas of Gri n (1968). They calibrated their line oscillator strengths by tting a synthetic intensity spectrum computed with the Kurucz (1991a) solar model to solar intensity observations made by Brault and reduced by Kurucz (see Kurucz 1991b) . They also t the overall ux distribution from 370 to 2500 nm as measured by Honeycutt et al. (1977) . In general agreement with previous determinations, PDK found that the best t was provided by a model having the following parameters:
T e = 4300 50 K, log(g) = 1:5 0:15, t = 1:7 km s ?1 , and A=H] = ?0:5 0:1, with an enhancement of 0:1 to 0:4 dex in various -process elements.
{ 4 { Short and Lester (1994) (henceforth SL) found that although this model provides a very good t to a variety of diagnostics in the yellow and red regions, it predicts about twice as much ux as observed, and systematically predicts line pro les that are too strong throughout the violet region where < 400 nm. SL present an ad hoc continuous opacity term in this region and demonstrate that it provides a simultaneous t to both the overall ux level and the line pro les. However, this study was based on synthetic spectra computed with a high quality subset of the atlas9 line list because there is evidence that the complete line list contains many spurious lines (Bell et al. 1994) . On the other hand, as mentioned previously, the complete line list is needed to t the absolute violet ux levels in the Sun. In this study we investigate the ability of di erent line lists of varying completeness to provide a simultaneous t to both the overall violet ux level and the violet line pro les in both the Sun and Arcturus. We demonstrate that the most consistent solution for both stars is provided by the high quality subset of the complete atlas9 line list along with the ad hoc continuous opacity of SL.
In section 2 we compare the observed violet ux distribution of the Sun and Arcturus to synthetic ux distributions calculated with several line lists and show that only the complete atlas9 list can provide a t to the observed uxes. In section 3 we compare the observed high resolution violet spectrum to synthetic spectra to show that only a high quality subset of the atlas9 line list can provide a good t to the solar spectrum, and furthermore, the additional continuous opacity of SL is needed to t the spectrum of Arcturus. We present a concluding discussion in section 4. { 5 { 2. The Flux Distribution 2.1. The Sun Figure 1 shows the solar ux distribution in the violet. The short and long wavelength observations of Neckel and Labs (1984) are shown by the solid and dot-dashed lines, respectively. Synthetic spectra were computed with the solar model of Kurucz (1991a) , and the synthe spectrum synthesis code. These synthetic spectra were computed with a spectral resolution, R (= ), of 400000 and the average synthetic ux every 2 nm was computed by integration with a normalized boxcar function of = 2 nm. The spectrum indicated by the triangles was computed with a subset of the atlas9 line list consisting of those atomic and molecular lines produced by transitions between energy levels that have been experimentally determined; this list is designated G. The full atomic line list, called PA, consists of list G, and also includes atomic lines arising between theoretically predicted, but unobserved, energy levels; the squares in gure 1 show the synthetic ux calculated with this list. A third line list, called PM, consists of list G, together with molecular lines arising from theoretically predicted levels; the crosses show the synthetic ux computed with this list. The opacity distribution functions (ODFs), with which the Kurucz grids of models and ux distributions are computed, are based on the complete line list that contains both higher and lower quality lines for both atoms and molecules, which is the union of the lists PA and PM. We do not show a synthetic spectrum computed with all the lines because we nd it very demanding computationally to compute high resolution synthetic spectra over extended spectral bands using such a high density set of lines. The gaps in the synthetic ux distributions at 360 nm and 380 nm occur because computational limitations make it necessary to convolve the synthetic spectra in discrete sections. { 6 { It is clear from gure 1 that the additional line blanketing provided by the PA list gives a close t to the observed ux, whereas the more selective line list, G, and even PM, seem to underblanket the spectrum and predict too much ux. Therefore, we conclude, in agreement with Kurucz (1991a) , that the inclusion of the lower quality lines from predicted energy levels are essential to achieve the best t to the observed solar ux in this region. , measured with a 1=2 of 2:2 nm. The synthetic spectra were computed with the PDK model and the three line lists, G, PA, and PM, indicated by the dotted, short dashed, and long dashed lines, respectively. These were convolved with a Gaussian of 1=2 equal to 2:2 nm, in keeping with the instrumental pro le shown in Table 1 of Code and Meade 1979 . The observed uxes were projected back to the stellar surface using an angular diameter, , of 20:65 milli arc seconds, which is the mean of the two most recent interferometric determinations (DiBenedetto & Rabbia 1987) and (DiBenedetto & Foy 1986) . With this value of , the PDK model gives a good t to the observed ux throughout the peak region of the ux distribution.
Arcturus
Figure 2 demonstrates more clearly than SL that there is a signi cant discrepancy between the observations and the ux distribution computed with list G. For < 400 nm, the synthetic ux is about twice the observed value. However, the inclusion of the lower quality line data in lists PA and PM provide a large reduction in the amount of predicted ux. The size of the reduction is much greater than for the Sun, and in some local regions { 7 { the ux discrepancy reported in SL disappears altogether. In other local regions, the ux calculated with either the PA or the PM list is still too large. However, the ux reduction provided by the additional lines in each of these lists is great enough that it seems likely that the complete line list, which would be the union of the PA and PM lists, would provide a good t to the observed ux in most places in the violet region. This, considered alone, would seem to obviate the need for the additional continuous absorption opacity in this region that was proposed by SL.
The interpretation of the ux distribution calculated with the PM list must be quali ed because this list includes lines arising from isotopes of the CN violet band, the CO fourth positive band, and the Phillips and Fox-Herzberg bands of C 2 , all of which contribute opacity to the violet region. The isotopic bands were included in the spectrum synthesis with the assumption of 12 C= 13 C equal to the solar value. Values of 12 C= 13 C for Arcturus have been found to be an order of magnitude smaller than the solar value, possibly as a result of the dredge up of CNO processed material on the red giant branch (see, for example, Lambert and Ries (1981) ). Therefore, the PM ux distribution shown in gure 2 may well be overblanketed. However, the ux discrepancy is in the sense of the model ux being too large as it is, therefore, this quali cation, if anything, indicates that the discrepancy is even worse than that shown in gure 2.
In principle, the observed ux distribution in gure 2 should be compared to theoretical ux distributions computed with a grid of models spanning a region of stellar parameter space. This, however, is an extremely arduous task. We cannot use the ODFs to compute the ux distribution because the relative elemental abundances of Arcturus have a non-solar distribution, and also because we wish to evaluate subsets of the entire atlas9 line list, However, the computation of synthetic ux spectra for several models over a range of 100 { 8 { nm with high enough resolution to resolve weak lines with even the G line list, let alone the much larger PA and PM lists, is very demanding computationally. We feel, however, that an exploration of this grid is not needed. As stated above, the PDK model provides a close t to the ux distribution, and to many hundreds of lines throughout the red, yellow, and blue spectral region. Coupled with this, SL found that any deviation in the parameters of the PDK model that improves the t to the violet ux levels necessarily worsens the t to the important Ca II HK line wings, and vice versa. Therefore, we do not believe that the correct resolution of the ux discrepancies seen in gure 2 lies in changing the stellar parameters of the model.
The Detailed Spectrum

The Sun
We have interpolated the high resolution synthetic spectra described above onto the wavelength pixels of the digitized version of the Solar Flux Atlas of Kurucz et al. (1984) . We have divided the synthetic spectra by the calculated continuous ux at each wavelength, so that both the synthetic and observed spectra are, in principle, recti ed to a continuum level of unity. We then convolved both the synthetic spectra and the solar ux atlas by a Gaussian of FWHM = 50 km s ?1 , and then calculated a di erence spectrum by subtracting the observed spectrum from the synthetic spectrum pixel by pixel. This di erence in relative ux is then divided by the observed relative ux at that wavelength so that the di erence is calculated as a fraction of the observed relative ux. We refer to this as a normalized di erence spectrum. The FWHM of 50 km s ?1 corresponds to 0:06 nm in this region and allows us to assess the match between the predicted and observed spectrum on a much ner scale than the spectrophotometric study described above. However, the convolution broadens out those variations in the di erence spectrum that are due to random errors in the atomic data of individual lines.
The di erence spectra are shown in gures 3 to 6. The lower wavelength limit is set by the Solar Flux Atlas, which does not extend below 360 nm. The dotted line in these gures is the di erence spectrum arising from the line list G, the short dashed line is that for the line list PA, and the long dashed line that for the line list PM. There may be a contribution to the di erence spectrum due to errors in the continuum calibration of either the calculated spectrum or the observed spectrum. However, these are expected to lead to an o set in the di erence that varies on a scale of several nm. The amount of variance in the di erence spectra on the sub-nm scale is a measure of the accuracy of the line lists. Figures 7 to 10 show the statistical variance of the di erence spectra taken about a running arithmetic mean with a radius of 0:5 nm. The radius of the running mean was chosen to be on the same order as a typical spectrophotometric band width.
Examination of gures 7 to 10 shows that the line lists G and PM provide very similar ts to the observed spectrum, with the variance due to the PM list being slightly lower than that due to the G list in most places. Therefore, supplementing the list of high quality lines with theoretically predicted molecular lines slightly improves the t to the high resolution spectrum throughout the violet region. However, the variance due to the PA list di ers signi cantly from that due to the G list in most places. There are local regions where the PA list provides a better t to the spectrum, other regions where it provides a worse t, and many regions where the quality of the t is about the same. From a qualitative inspection of the variance, we conclude that the inclusion of theoretically predicted atomic lines in the line list does not provide a consistent improvement in the t throughout this region. This result is consistent with that of Bell et al. (1994) , who have criticized the atlas9 atomic lines from predicted energy levels. They nd that spectrum synthesis calculations { 10 { with a solar model based on this list contain many lines that are not observed in the solar spectrum.
Of particular note are the regions of relatively large variance about the running mean from 361 to 362 nm and from 363 to 364 nm that can be seen in gure 7. These are due to the large spikes in the corresponding di erence spectrum near 361:5 and 363:5 nm that can be seen in gure 3. All three line lists seem to be particularly discrepant throughout local regions centered on these wavelengths. Any re-evaluation of the procedure by which the line lists were computed should pay special attention to these regions, and any others like them that may be discovered. Figure 11 shows the spectrum of Arcturus in two representative ranges throughout the 360 to 390 nm region. The solid line is the observed spectrum from the spectral atlas of Gri n. The dotted and short dashed lines are the synthetic spectra computed with the G, and PA line lists, respectively. We have convolve the computed spectra with a Gaussian corresponding to a 3 km s ?1 isotropic macro-turbulent velocity eld. This value was found to match best the qualitative appearance of the observed spectrum, and it is within the range of values determined for early K giants (Bonsack & Culver 1966) . PDK assumed a value of 3:5 km s ?1 for their spectrum synthesis in the yellow and red spectral regions. The observed spectrum is also broadened by the observational pro le of the spectrograph, which has 1=2 = 0:0027 nm, and by the projected rotational velocity of Arcturus, which has been determined to be v sin i = 2:7 km s ?1 (Gray & Martin 1979) . However, we have found that these have a negligible e ect on the on the features that we discuss here. { 11 { There are two signi cant discrepancies between the synthetic and observed spectra that occur regardless of which line list is used. Firstly, the synthetic spectrum is generally too low in relative ux with line cores that are too deep and broad line wings that are too depressed. Secondly, the inner wings of the broad lines in the synthetic spectrum are distinctly bowl-shaped whereas the same lines in the observed spectrum are V-shaped. The same discrepancy can be seen in gure 2 of SL.
Arcturus
The top panel of gure 12 shows the blue wing of the Ca II K line at 393:3663 nm. The gf value for the Ca II K line has been determined by several experimental and theoretical investigations and is equal to 0:66 10% (Shine & Linsky 1974 (Anders and Grevesse 1989) and that found from tting weak Ca I lines in the red part of the solar spectrum (see, for example, Watanabe and Steenbock (1985) ). The value of the radiative damping width, ? R , is dominated by the well known gf value of the resonant K line transition.
Because this is the most heavily damped line in the entire violet region, it provides a good indicator of how well the model can reproduce the wings of broad lines. As with other broad lines in the violet region, this pro le has wings that are much too depressed, and it has a distinctly concave shape in the inner wing that is not present in the observed pro le. The chromospheric emission feature can be seen in the line core. This feature cannot be used to construct meaningful models of the chromospheric structure unless the overall absorption line in which it forms can be reproduced correctly. For contrast, the lower panel of gure 12 shows the t to the pro le of the Ca II 8542 line, which is one of the Ca II infra-red triplet lines, using the G list. The good t to the wing pro le seen here is typical of the model's accuracy throughout the yellow and red regions (see PDK for many more examples). The core of this line cannot be t in late-type stars by LTE spectrum synthesis and a radiative equilibrium model because of well known non-LTE, PRD, and chromospheric e ects (see, for example, Uitenbroek (1989) ) .
The discrepancies seen in gures 11 and 12 are consistent with all lines in this region having a ratio of line opacity to continuous opacity that is systematically too large. These gures show that the synthetic spectra have these discrepancies when either the higher quality line list, G, or the more complete line list, PA, is used. Therefore, neither the quality, nor the quantity of the line opacity data seems to be the cause of the discrepancy. This adds support to the proposal of SL that the discrepancy is due to missing continuous absorption opacity in the model.
The violet spectral region of early K-type stars has no regions of true continuum because the spectrum is completely blanketed by line opacity. As a result, it is notoriously di cult to rectify properly such a spectrum. Gri n claims that the recti cation of the spectral atlas of Arcturus is accurate only for > 430 nm. Therefore, there may well be an o set between the continuum levels to which the observed and synthetic spectra are calibrated. Figure 13 shows three ranges in the violet spectral region in which the \pseudo-continuum" formed by the highest peaks in the spectrum lie close to a relative ux of unity. For both the G list, and the PA list, the observed and computed pseudo-continua agree closely, even though the spectra are very discrepant at lower relative ux levels This agreement indicates that there is no o set between the recti cation continuum of the observed and computed spectra that is large enough to explain the discrepancy between { 13 { them. We also note that adjustment of the continuum and scattered light level cannot change the V-shaped broad line pro les in the observed spectrum into the bowl-shaped line pro les of the computed spectrum. We conclude that the discrepancy with the PDK model is not due to miscalibration of the observed spectrum.
Discussion and Conclusions
Models of cool star atmospheres computed with previous line lists that were much less complete in the blue and ultra-violet regions than those of atlas9 often had to invoke additional ad hoc continuous opacity to reduce the computed ux in these regions to the observed level (Frisk et al. 1982) . With the advent of the greatly expanded atlas9 line lists, it was possible, for the rst time, to t the violet region of the solar ux distribution without recourse to this ad hoc opacity. As a result, it was tempting to conclude that the \ultra-violet ux" problem of late-type stars had been solved. However, the variance shown in gures 7 through 10 indicates that the detailed shape of the synthetic high resolution violet solar spectrum computed with the theoretically predicted lines in the atlas9 list does not generally t the observed spectrum any better than when the previous, much smaller line list is used. This is consistent with the nding of Bell et al. (1994) that the complete atlas9 line list contains lines that are not observed in the solar spectrum. It appears that a good t to the high resolution solar spectrum could be provided by a line list that contains some, but not all, of the theoretically predicted lines in the PA list.
On the other hand, gures 1 and 2 show that if anything less than the complete atlas9 line list is used, then the predicted violet ux levels are too large, with the discrepancy becoming worse as T e decreases. We conclude that the \ultra-violet ux problem" may still be unresolved. In the case of Arcturus, the excess ux predicted with the G line list { 14 { and the systematic excess line strengths in the synthetic spectrum can both be explained by a missing source of continuous absorption opacity in the models. SL describe an ad hoc continuous opacity term for Arcturus and demonstrate that it simultaneously brings the predicted violet line pro les and the overall violet ux levels into agreement with the observations when the G line list is used.
The inclusion of the theoretically predicted molecular lines of the PM list have only a minor e ect on the quality of the t to the high resolution spectrum, causing a slight improvement. These lines, however, provide a large reduction in predicted ux. We conclude that the predicted molecular lines bring the models into better agreement with both the spectroscopic and photometric observations, and therefore do not su er from the same problems that seem to plague the theoretically predicted atomic lines.
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